ABSTRACT
INTRODUCTION

40
Copper (Cu) is an essential trace element that requires careful homeostasis within mammalian cells 41 to provide the necessary level, whilst avoiding the toxic effects associated with excess Cu. The 42 induction of the formation of reactive oxygen species (ROS) played a major role on Cu toxicity in 43 trout hepatocytes. [1] The concept of a lysosomal-mitochondrial axis of cell death induced by 44 oxidants has been described. [2] According to this concept, oxidative damage of lysosomes could 45 result in released lysosomal enzymes acting on the mitochondria, where ROS formation would be 46 enhanced and/or cytochrome c and other proapoptotic factors would be released. activation via the formation of DEDTC-Cu complexes in human SH-SY5Y neuroblastoma cells.
[5]
52
However, the mechanisms underlying abnormal Cu metabolism, and the resultant oxidant status 53 require further elucidation.
54
The term "epigenetic changes" refers to heritable alterations in gene expression that do not 55 involve changes in the DNA sequence. Epigenetic changes mainly originate from DNA methylation,
56
histone modification and non-coding RNAs, all of which can regulate gene expression patterns 57 potentially leading to abnormal expression of multiple genes and inducing diseases.
[6-9] DNA 58 methylation is catalyzed by three major DNA methyltransferases (DNMTs). [10] DNMT1 maintains 59 methylation status, [11] while DNMT3a and 3b are likely involved in de novo methylation.
[12]
60
SIRT1 is a highly-conserved longevity-related gene which encodes sirtuin 1 (known as mature neuroendocrine cell model for studying diseases of the nervous and endocrine systems. [16, 17] 
69
In our previous study, we showed that expression of DNMT3a, DNMT3b, and SIRT1 during serum To examine whether expression of epigenetic factors was altered by exposure to CuSO 4 and H 2 O 2 ,
193
DNMT1, DNMT3a, SIRT1 and SIRT2 were measured using real-time RT-PCR analysis.
194
As shown in Figure 3 , there were significant differences between the levels of DNMT1 ( was added to Cu-containing medium (Figure 3a) . When PC12 cells were exposed to 500 µM CuSO 4
198
and 250 µM H 2 O 2 , the relative expression level for SIRT1 had a wider variance than that of the 199 control. Although no significant differences were observed, PC12 cells exposed to 500 µM CuSO 4
200
showed higher levels of DNMT3a (Figure 3c ) and SIRT2 (Figure 3d ) mRNAs than control cells. 
DISCUSSION
211
The accumulation of Cu was reported to induce reversible oxidative stress in hepatocytes, leading to 212 cytotoxicity with oxidative damage, and finally resulting in apoptosis due to the enhancement of free 213 radical levels. [20] From the results in this study, it was indicated that gene expression of DNMT1 and 214 SIRT1 in PC12 cells was activated by Cu (Figures 3a and b) . In addition, this activation was 215 amplified by the addition of H 2 O 2 (Figure 3) . Cu has the redox properties of a transition metal and 216 has been reported to promote lipid peroxidation probably due to hemolytic scission of H 2 O 2 and of 217 endogenous hydroperoxides (ROOH), the generating hydroxyl (HO ) and alcoxyl (RO ) radicals.
[21]
218
These findings were supported by the results presented here. Previously, DNMT3a expression was 219 reported to be significantly decreased following serum-deprivation in PC12 cells which induced 220 apoptosis that was dependent on oxidative stress.
[15] The reason for this conflict between previous
221
and present results is still unclear.
222
On the other hand, serum deprivation directly affects the essential factors. in cells can trigger a Fenton-type reaction. [22] As shown in Figure 1a and Figure 2 , the cell viability 
233
As shown in Figure 3 [28]
249
In conclusion, DNA damage related to oxidative stress was observed in PC12 cells exposed to Cu 
